Introduction
When an immiscible oil lighter than water, e.g., a light nonaqueous phase liquid (LNAPL) such as gasoline, leaks above an unconfined aquifer, it migrates down under the dominant influence of gravity and eventually reaches the water table, where it forms a floating mound of oil on the groundwater surface. The flooding oil can be recovered by two-pump operations [Corapcioglu et al., 1994] . Effective recovery of oil can minimize the remaining contaminant mass in the subsurface. Recovery wells are sited after an investigation using monitoring wells. Observation wells are drilled circumscribing the estimated contaminant extent to determine the thickness of the oil mound on the water table. The accuracy of this technique is directly proportional to the number of wells drilled on the site. One difficult aspect of monitoring subsurface hydrocarbons is that accumulations in monitoring wells do not always directly correspond to the actual or true thickness in the formation [Abdul et al., 1989] . Considering that the hydrocarbon will depress the water within the well at steady state and under capillary equilibrium conditions, the net result is a greater apparent oil thickness measured within the well than actually exists within the aquifer [Abdul et al., 1989; Kemblowski and Chiang, 1990] . The siting of monitoring wells would benefit from a simple model that can be used as a screening tool. Furthermore, such a tool would be useful in assessing how rapidly an oi! spill poses a threat to water supply wells in the vicinity.
Migration of nonaqueous phase liquids such as gasoline and fuel oil can be modelled in four general groups: sharp interface models, immiscible phase flow models with capillarity, interphase mass transfer models, and compositional models [Corapcioglu et al. although sharp interface models have some limitations, such as omission of capillary gradients in favor of pressure and gravity gradients, they may be employed for practical purposes because of their relative simplicity. The assumptions of the sharp interface approac h are (1) constant soil and fluid properties such as negligible compressibility, constant fluid densities and constant porosity, (2) negligible capillary piessure gradients, (3) sharp saturation changes across the oil-unsaturated soil and oil-groundwater interfaces which allows idealization of saturation-capillary pressure relations as step functions, (4) similar idealization of saturation profiles, (5) single-phase (air in unsaturated soil, water in saturated soil) displacement, (6) assumption of piston-flow displacement, i.e., oil phase only, other phases immobile at residual saturations (as noted by El- Kadi [1994] this assumption is valid for coarse-textured soils where gravity or fluid pressure predominates over capillary forces), and (7) In this study we present a model to estimate spreading and migration of an oil mound with ambient groundwater flow. The analysis is designed for application to LNAPL spills and leaks. 
Derivation of Governing Equation
To develop a governing equation in terms of oil thickness to simulate oil mound spreading and migration with ambient groundwater flow, our starting point is the mass balance equation of the oil phase in a porous medium o (p oS on ) V'poqo + at =0
( 1) where Po is the density of the oil phase; qo is the specific discharge of the oil phase; So and Sw are the degrees of phase saturations of oil and water phases, respectively; t is the time, and n is the porosity. Note that in a two-phase system, So + Sw = 1. In this study we will assume that the medium is homogeneous, isotropic, and incompressible. We will also assume that the oil is mobile within the oil mound and that water is immobile at residual saturations.
The objective of our study is to obtain a field equation in 
where S oo and S oun are degrees of oil saturation in the oil mound and in the unsaturated soil, respectively. Combination and rearrangement of (6) and ( 
Solution Techniques
Solutions of (9) will be presented for two practical problems: formation and spreading of an oil mound on the water table and spreading and migration of an established oil mound with ambient groundwater flow. We will take the direction of ambient flow as the x direction and the origin x = 0, y = 0, as the location of the oil leak. Then rearrangement of (9) yields the following form in Cartesian coordinates 
A = L(t•x, t•y, O) t•x 2 q-t•y q-iAxV
The inverse of the Fourier transform is defined as 
L(x, y, t) = • L(hx, t•y, t)e-•X•e -ix•y dhx day

